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,QWURGXFWLRQ
&RQVWUXFWLRQ SURMHFWV DUH FRQVLGHUHG WR KDYH D KLJK OHYHO RI ULVN GXH WR QXPHURXV VWDNHKROGHUV ORQJ SURMHFW
GXUDWLRQVDQGRSHQSURGXFWLRQV\VWHPV>@7KHLQFUHDVLQJFRQVWUDLQWVWKDWFRQVWUXFWLRQFRPSDQLHVIDFHGXHWRWKH
SURORQJHG ILQDQFLDO FULVLV DQG WKH FRQWUDFWLQJ FRQVWUXFWLRQ PDUNHW QHFHVVLWDWH WKH DSSOLFDWLRQ RI VWUXFWXUHG
DSSURDFKHVWRWKHSODQQLQJVFKHGXOLQJDQGPRQLWRULQJRIWKHLUSURMHFWV8QIRUWXQDWHO\WKHFRQVWUXFWLRQLQGXVWU\KDV
D SRRU UHSXWDWLRQ IRU ULVNPDQDJHPHQW FRPSDUHGZLWK WKDW RI RWKHU LQGXVWULHV VXFK DV ILQDQFH RU LQVXUDQFH >@
+RZHYHUULVNPDQDJHPHQWFDQSURYLGHDVROLGEDVLVIRUGHFLVLRQPDNLQJLQSURMHFWVDQGEULQJLPSRUWDQWEHQHILWV
VXFKDVUHGXFHGFRVWVLQFUHDVHGHQJDJHPHQWZLWKVWDNHKROGHUVDQGEHWWHUFKDQJHPDQDJHPHQW>@

'LIIHUHQWDSSURDFKHVWRSURMHFWULVNPDQDJHPHQWDUHGHILQHGE\LQGXVWU\VWDQGDUGVDQGJXLGHOLQHV>@
7RRIIHU IOH[LELOLW\ DQG VSDFH WRPDQHXYHU IRU WKH DSSOLFDWLRQRI GLIIHUHQW SURMHFW ULVN SURFHVVHV WKHVH VWDQGDUGV
XVXDOO\SURYLGHRQO\DYHU\JHQHULFGHVFULSWLRQRIWKHSURFHVVHVIRFXVLQJRQWKHKLJKOHYHOFKDUDFWHULVWLFVDQGQRW
RQ WKH GHWDLOV RI KRZDSURFHVV VKRXOG EHSHUIRUPHG ³7DLORULQJ WKH SURFHVVPRGHO VKRXOG WDNH LQWR DFFRXQW WKH
VHFWRU DQG RUJDQLVDWLRQ VSHFLILF UHTXLUHPHQWV DVZHOO DV WKH UHTXLUHPHQWV GHULYHG IURP WKH VSHFLILF W\SHV DQGRU
FDWHJRULHVRISURMHFWVSHUIRUPHGLQWKDWRUJDQLVDWLRQ´>@

(IILFLHQW ULVN PDQDJHPHQW OD\V LQ WKH DELOLW\ WR TXDQWLI\ WKH HOHPHQWV RI ULVN 7KH SURMHFW TXDQWLWDWLYH ULVN
DQDO\VLV LV XVXDOO\ FRQVLGHUHG WR EH WKH KDUGHVW SDUW RI ULVNPDQDJHPHQW > @PDLQO\ EHFDXVH LW LV EDVHG RQ
DGYDQFHGVWDWLVWLFVDQGPDWKHPDWLFDOPHWKRGV

$ GHWHUPLQLVWLF DSSURDFK WR SURMHFW PDQDJHPHQW WKDW KDV SUHVHW SDUDPHWHUV RI WLPH DQG FRVW DQG LQ ZKLFK
GHFLVLRQV DUH WDNHQ EDVHG RQ WKH LQGHSHQGHQW DQDO\VHV RI WLPH RU FRVW HYHQ LI WKH\ DUH LQWHUUHODWHG KDV D ORZ
OLNHOLKRRGWREHVXFFHVVIXO&RQVWUXFWLRQSURMHFWVDUH W\SLFDOO\FRQIURQWHGZLWKGHOD\VDQGDGGLWLRQDOFRVWVZKLFK
UHGXFH D FRPSDQ\¶V SURILW DQG FDQ OHDG WR LWV EDQNUXSWF\7KHUHIRUH DPRUH HIILFLHQW DSSURDFK VKRXOG WDNH LQWR
DFFRXQWWKHULVNHYHQWVWKHXQFHUWDLQWLHVDQGUHVRXUFHVOLPLWDWLRQVLQFRQVWUXFWLRQSURMHFWSODQQLQJVFKHGXOLQJDQG
PRQLWRULQJDQGDOVRWKHFRUUHODWLRQEHWZHHQWKHWLPHFRVWDQGUHVRXUFHOLPLWDWLRQSDUDPHWHUV7KH3(57WHFKQLTXH
LV EDVHG RQ WLPH UHVRXUFHV DQG WHFKQLFDO SHUIRUPDQFH VSHFLILFDWLRQV 7LPH LV FRQVLGHUHG WR EH D YDULDEOH WKDW
UHIOHFWVSODQQHGUHVRXUFHDSSOLFDWLRQVDQGSHUIRUPDQFHVSHFLILFDWLRQV:KHQWKHDFWLYLW\FDOHQGDUVDUHRPLWWHGWKH
UHVXOWVDUHQRWFRPSDUDEOHWRUHDOLW\DQGWKHDSSOLFDELOLW\RIWKH3(57PRGHOWRDUHDOOLIHFRQVWUXFWLRQSURMHFWLV
TXHVWLRQDEOH>@

0DQ\ SUREDELOLVWLF PHWKRGV KDYH EHHQ GHYHORSHG RYHU WLPH DQGPDGH DYDLODEOH HVSHFLDOO\ WKURXJK VRIWZDUH
LPSOHPHQWDWLRQ>@+RZHYHUHYHQWKHPRVWGHWDLOHGPRGHOVFDQQRWHQVXUHWKHUHOLDELOLW\RIWKHHVWLPDWLRQ
SURFHVVDQGPRVWRIWKHVHPHWKRGVDUHQRWSURSHUO\DSSOLHGRUQRWDSSOLHGDWDOO7KHPDLQUHDVRQVIRUWKLVLVVXHDUH
WKH FRPSOH[LW\ RI WKH PHWKRGV WKH ODFN RI H[SHUWLVH DQG WKH GLIILFXOWLHV LQ FROOHFWLQJ KLVWRULFDO GDWD DQG LQ
FRPPXQLFDWLQJ ZLWK UHOHYDQW VWDNHKROGHUV HVSHFLDOO\ OLQH PDQDJHUV DQGRU UHVRXUFHV IURP WKH IXQFWLRQDO
GHSDUWPHQWV,Q>@WKHUHVXOWVRIVHYHUDOXQVWUXFWXUHGLQWHUYLHZVZLWKUHVHDUFKHUVDQGSUDFWLWLRQHUVLQWKHILHOGRI
SURMHFWULVNDQDO\VLVDUHSUHVHQWHG,QUHJDUGVWRWKHJHQHUDOXWLOLW\RITXDQWLWDWLYHSURMHFWULVNDQDO\VLVWKHDQVZHUV
LQGLFDWHWKDWLWLVFOHDUO\XVHIXO7KLVXVHIXOQHVVLVPDLQO\EHFDXVHWKHVHDQDO\VHVDUHVRZLGHO\UHFRPPHQGHGHYHQ
LIWKHUHLVOLWWOHHPSLULFDOHYLGHQFHRIKRZXVHIXOWKHVHTXDQWLWDWLYHWHFKQLTXHVUHDOO\DUH+RZHYHUWKHDQVZHUVDUH
DOVR IROORZHG E\ FRPPHQWV WKDW SURMHFW ULVN DQDO\VLV LV QRW ZHOO XQGHUVWRRG QRW ZHOO LQWHJUDWHG LQWR SURMHFW
PDQDJHPHQWDQGQRWHDVLO\H[SODLQDEOHWRVHQLRUGHFLVLRQPDNHUV

7KH OLWHUDWXUH QRWHV WKH GLIILFXOWLHV WKDW DIIHFW WKH DELOLW\ RI SUDFWLWLRQHUV WR FDUU\ RXW D SURMHFW DW FRVW RU WR
VFKHGXOHTXDQWLWDWLYHULVNDQDO\VLV>@7KHIROORZLQJSURYLGHVVRPHRIWKHPRVWUHOHYDQWGLIILFXOWLHV
• 'HWHUPLQLQJWKHSURSHUOHYHORIGHWDLOIRUWKHULVNDQDO\VLVWKHOHYHORIDJJUHJDWLRQRIWDVNVRUFRVWV
• *DWKHULQJUHOHYDQWGDWDWRGHWHUPLQHWKHSUREDELOLW\GLVWULEXWLRQVIRUWDVNGXUDWLRQVDQGWKHFRPSRQHQWFRVWV
3DUWLFXODUGLVWULEXWLRQVVXFKDVWKHWULDQJOHGLVWULEXWLRQDUHXVXDOO\EDVHGRQDQH[SHUWHVWLPDWLRQRIWKHPHDQ
DQGYDULDQFH$VHQVLWLYLW\DQDO\VLVIRUWKHXVDJHRIGLIIHUHQWDFWLYLW\GLVWULEXWLRQVLVSUHVHQWHGLQ>@
438   Augustin Purnus and Constanta-Nicoleta Bodea /  Procedia Engineering  85 ( 2014 )  436 – 445 
• $GGUHVVLQJWKHFRUUHODWLRQVEHWZHHQWDVNGXUDWLRQVDQGFRVWV7KHVHFRUUHODWLRQVVKRXOGEHWDNHQLQWRDFFRXQW
ZKHQVSHFLI\LQJSUREDELOLW\GLVWULEXWLRQV*HQHUDWLQJPXOWLYDULDWHGLVWULEXWLRQVLVDIDUPRUHGLIILFXOWWDVNWKDQLW
LVIRUWKHFDVHRIXQLYDULDWHGLVWULEXWLRQV,QDGGLWLRQWKHUDQGRPYDULDEOHVRIGXUDWLRQDQGFRVWFDQRQO\WDNH
SRVLWLYHYDOXHV7KHFRQVWUDLQWVRQFRUUHODWHGSRVLWLYHUDQGRPYDULDEOHVDUHDOVRPRUHGLIILFXOWDQGIDUOHVV
LQWXLWLYHWKDQQRUPDOGLVWULEXWLRQVZKHUHWKHFRUUHODWLRQVEHWZHHQDQXQOLPLWHGVHWRIQRUPDOUDQGRPYDULDEOHV
FDQEHVSHFLILHGDUELWUDULO\'$7LVDZHOONQRZQPRGHOIRUSUREDELOLVWLFTXDQWLILFDWLRQLQFRQVWUXFWLRQSURFHVVHV
>@>@DQG>@SUHVHQWDQH[WHQGHGYHUVLRQRI'$7>@SURSRVHVDPRGHOFRPELQLQJD%D\HVLDQQHWZRUN
DQGD0RQWH&DUORVLPXODWLRQ>@VXJJHVWDPRGHOXVLQJ'\QDPLF%D\HVLDQ1HWZRUNV,Q>@DSUREDELOLVWLF
HVWLPDWLRQSURFHVVEDVHGRQDKLVWRULFDOVWDWLVWLFDOGDWDDQDO\VLVLVGHVFULEHG
7KLV SDSHU SURYLGHV D SUDFWLFDO DSSURDFK WR TXDQWLWDWLYH ULVN DQDO\VLV XVLQJ WKH 0RQWH &DUOR PHWKRG DQG
KLJKOLJKWVWKHFRUUHODWLRQEHWZHHQWLPHFRVWDQGUHVRXUFHOLPLWDWLRQSDUDPHWHUVLQFRQVWUXFWLRQSURMHFWV7KHSURMHFW
H[HFXWLRQLVDQDO\]HGQRWRQO\E\WKHSUREDELOLW\RISDUDPHWHUVRIWLPHDQGFRVWWRJHWKHUEXWDOVRE\WKHWUHQGVRI
WKHVHYDULDEOHVWRJHWKHU7KLVDSSURDFKLQWHJUDWHVWKHVFRSHWLPHFRVWUHVRXUFHVDQGULVNVRIDSURMHFWDQGSURYLGHV
D EHWWHU WRRO IRU GHFLVLRQPDNLQJ 7KH SURSRVHGPRGHO DOORZV XSGDWHV WR EHPDGH IURP REVHUYDWLRQV RI SURMHFW
LPSOHPHQWDWLRQ DQG LV DOVR SDUDPHWHUL]HG 7KH PRGHO KDV DQ LQWXLWLYH JUDSKLFDO FRPSRQHQW WKDW LV FULWLFDO IRU
FRPPXQLFDWLRQZLWKVWDNHKROGHUVZKRDUHQRWQHFHVVDULO\VSHFLDOLVWVLQSUREDELOLVWLFPRGHOLQJ7RGHPRQVWUDWHWKH
DGYDQWDJHVRIWKLVDSSURDFKDFDVHVWXG\RIDFRQVWUXFWLRQSURMHFWLVDQDO\]HGXVLQJ6SLGHU3URMHFWVRIWZDUH
$3URMHFW5LVN$QDO\VLV0HWKRGFRQVLGHULQJGXUDWLRQDQGFRVW
7KHSURSRVHGPRGHOKDVWZRPDLQFRPSRQHQWV
• $SUREDELOLVWLFHVWLPDWLRQFRPSRQHQWEDVHGRQ0RQWH&DUORVLPXODWLRQ
• $JUDSKLFDOFRPSRQHQWWKDWLOOXVWUDWHVWKHSDUDPHWHUFOXVWHUVDQGLVWKHEDVLVIRUWKHPHWKRGSDUDPHWHUL]DWLRQDQG
FRPPXQLFDWLRQZLWKVWDNHKROGHUV
2.1. The probabilistic estimation component 
7KLVFRPSRQHQWLPSOHPHQWVD0RQWH&DUORVLPXODWLRQIRUSURGXFLQJSDLUVRIGXUDWLRQFRVWYDOXHV&RQVLGHULQJ
SURMHFW WLPH DQG FRVW DV WZR LQGHSHQGHQW VWRFKDVWLF YDULDEOHV XQLIRUPO\ GLVWULEXWHG LQ >D E@ D 0RQWH &DUOR
VLPXODWLRQ LV GHILQHG XVLQJ GLIIHUHQW SUREDELOLW\ GLVWULEXWLRQV VXFK DV WULDQJXODU QRUPDO ORJQRUPDO EHWD RU
H[SRQHQWLDO

The triangular distribution GHVFULEHVWKHSUREDELOLW\YDOXHVRIDYDULDEOHXVLQJWKUHHYDOXHVWKHPLQLPXPDWKH
PRVW OLNHO\EDQGWKHPD[LPXPF,W LVDVVXPHGWKDW WKHSUREDELOLW\RIDFKLHYLQJWKHPLQLPXPDQGPD[LPXP
YDOXHLV]HUR7KHSUREDELOLW\GHQVLW\IXQFWLRQI[LVI[ [DEDFDIRUD[EDQGI[ F[F
DFEIRUE[F7KHFXPXODWLYHGLVWULEXWLRQIXQFWLRQ)[LVGHILQHGDVIROORZ)[ 3;[ IRU[D
)[ [DEDFDIRUD[E)[ ±F[FDFEIRUE[F)[ IRU[!F7KHPHDQȝ
LVFDOFXODWHGDVDEFDQGWKHGLVSHUVLRQıDVDEF±DE±DF±EF

The normal distribution (Gaussian distribution) GHVFULEHV WKH SRSXODWLRQ FKDUDFWHULVWLFV RU GLVWULEXWLRQV RI
TXDQWLWLHVWKDWDUHVXPVRIODUJHVL]HVDFFRUGLQJWRWKHFHQWUDOOLPLWWKHRUHP7KXVWKHWRWDOGXUDWLRQRIDSURMHFW
RU WKHSUREDELOLVWLF DPRXQWRI WKHGXUDWLRQRI DFWLYLWLHV DORQJ WKH FULWLFDO SDWK LV DYDULDEOHGHILQHGE\ DQRUPDO
GLVWULEXWLRQ7KHQRUPDOGLVWULEXWLRQLVDV\PPHWULFDOGLVWULEXWLRQVLPLODUWRDEHOO7KHIXQFWLRQI[LVDSUREDELOLW\
GHQVLW\IXQFWLRQZLWKWZRSDUDPHWHUVWKHPHDQȝDQGWKHGLVSHUVLRQıDQGKDVWKHIRUP
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%HFDXVHWKHSUREDELOLW\GHQVLW\IXQFWLRQRIWKHQRUPDOGLVWULEXWLRQI[FDQQRWEHGLUHFWO\LQWHJUDWHGH[DFWO\LW
LVQRWXVHGH[SOLFLWO\7KHFDOFXODWLRQRIDUHDVQHHGHGWRGHWHUPLQHWKHSUREDELOLWLHV3D[EDQGWKHFXPXODWLYH
GLVWULEXWLRQIXQFWLRQDUHEDVHGRQWKHVWDQGDUGQRUPDOSUREDELOLW\GLVWULEXWLRQZKLFKLVDQRUPDOGLVWULEXWLRQRID
VWRFKDVWLF YDULDEOHZLWKPHDQ ȝ    GLVSHUVLRQ ı    DQG VWDQGDUG GHYLDWLRQ ı    7R WUDQVIRUP D VWRFKDVWLF
YDULDEOH ; ZLWK D QRUPDO GLVWULEXWLRQ LQWR D VWRFKDVWLF YDULDEOH = ZLWK WKH VWDQGDUG QRUPDO GLVWULEXWLRQ WKH
IROORZLQJIRUPXODFDQEHXVHG= [ȝı,QWKHVWDQGDUGQRUPDOGLVWULEXWLRQWDEOHVWKHUHDUHSUREDELOLWLHV3
=]ZKLFKUHSUHVHQWWKHYDOXHRIWKHDUHDXQGHUWKHFXUYHRIDSUREDELOLW\GHQVLW\IXQFWLRQI]ORFDWHGEHWZHHQ
WKHDYHUDJHYDOXHȝ DQG]

The Beta distribution KDV PDQ\ VKDSHV DQG FDQ EH DGMXVWHG YLD WKH IROORZLQJ WZR SDUDPHWHUV D VFDOLQJ
FRHIILFLHQWDQGDQRIIVHW$EHWDGLVWULEXWLRQFDQ UDQJHIURPDV\PPHWULFQRUPDOGLVWULEXWLRQ WRDV\PPHWULFRQH
ZLWKDORQJWDLORQWKHSRVLWLYHVLGHThe exponential distributionLVXVHGWRGHVFULEHWKHWLPHEHWZHHQHYHQWV,WFDQ
EHVKRZQWKDWLID3RLVVRQGLVWULEXWLRQFDQGHVFULEHWKHQXPEHURIDUULYDOVWKHQWKHLQWHUYDOEHWZHHQDUULYDOVIROORZV
DQH[SRQHQWLDOGLVWULEXWLRQ

7KHDVVXPSWLRQWKDWSURMHFWFRVWDQGWLPHDUHLQGHSHQGHQWYDULDEOHVLVQRWUHDOLVWLF,QVWHDGDPXOWLYDULDWH0RQWH
&DUOR VLPXODWLRQ WKDW DGGUHVVHV FRVW DQG WLPH DV GHSHQGHQW VWRFKDVWLF YDULDEOHV VKRXOG EH FRQVLGHUHG0RGHOLQJ
GHSHQGHQW YDULDEOHV IURP D MRLQW GLVWULEXWLRQ LV FRQVLGHUDEO\ PRUH GLIILFXOW WKDQ WKH VLPXODWLRQ RI LQGHSHQGHQW
YDULDEOHV+RZHYHUDQXPEHURIDSSOLFDEOHWHFKQLTXHVFDQEHIRXQGLQWKHOLWHUDWXUH>@LQWURGXFHDPHWKRGIRU
VLPXODWLQJFRUUHODWHGYDULDEOHVIURPDPXOWLYDULDWHGLVWULEXWLRQ>@GHVFULEHDSURFHGXUHIRUVLPXODWLQJDELYDULDWH
GLVWULEXWLRQZLWKPL[HGPDUJLQDOV >@GHILQHDPHWKRG IRU FRUUHODWLQJVLPXODWHGYDULDEOHV IURPPL[HGPDUJLQDO
GLVWULEXWLRQV LQ PXOWLYDULDWH GLVWULEXWLRQV >@ GHILQH D VLPLODU ³GLVWULEXWLRQ IUHH´ WHFKQLTXH IRU VLPXODWLQJ
FRUUHODWHG YDULDEOHV IURP PL[HG RULJLQDO GLVWULEXWLRQV LQFOXGLQJ HPSLULFDO GLVWULEXWLRQV 7KLV WHFKQLTXH XVHV
LQIRUPDWLRQIURPWKHFRUUHODWLRQPDWUL[7KH&RSXODPHWKRG>@DGRSWVDGLIIHUHQWDSSURDFK$FRSXODLVDIXQFWLRQ
WKDW GHILQHV WKH UHODWLRQVKLS EHWZHHQPDUJLQDO GLVWULEXWLRQV DQG WKHLU IXOO PXOWLYDULDWH GLVWULEXWLRQ >@ DGRSW D
FRSXOD DSSURDFK WR VLPXODWH WZR FRUUHODWHG YDULDEOHV IURP D ELYDULDWH GLVWULEXWLRQ XVLQJ WZR GLIIHUHQW W\SHV RI
IXQFWLRQVIRUFRPSDULVRQ

)RU GHYHORSLQJ WKH SUREDELOLVWLF HVWLPDWLRQ FRPSRQHQW RI WKH PHWKRG WKH DXWKRUV XVHG WKH 0RQWH &DUOR
VLPXODWLRQDELOLWLHVLQWKH6SLGHU3URMHFWVRIWZDUH>@
2.2. The graphical component 
7KHSURSRVHGPRGHOKDVDQLQWXLWLYHJUDSKLFDOFRPSRQHQW WKDW LVFULWLFDOIRUFRPPXQLFDWLRQZLWKVWDNHKROGHUV
7KHVLPXODWLRQUHVXOWVDUHSORWWHGDVSRLQWVLQDELGLPHQVLRQDOVSDFHRIFRVWDQGWLPH7KHVHSRLQWVIRUPDFOXVWHU
DQGWKHFHQWURLGRIWKHFOXVWHULVDXWRPDWLFDOO\FDOFXODWHGDQGGUDZQ7KHWDUJHWSRLQWWKHWDUJHWFRVWDQGGXUDWLRQ
LVDOVRSORWWHG7KHVWDNHKROGHUVZLOOEHDVNHG WRIRFXVRQ WKHFHQWURLGZKLFK LVPRVW UHSUHVHQWDWLYHSRLQW LQ WKH
FOXVWHUWKHGLVWDQFHEHWZHHQWKHFHQWURLGDQGWKHWDUJHWSRLQWDQGWKHGLVSHUVLRQRIWKHSRLQWVLQWKHELGLPHQVLRQDO
VSDFH 7KH VWDNHKROGHUV ZKR DUH QRW QHFHVVDULO\ H[SHUW LQ VWDWLVWLFV ZLOO EH PRUH FRPIRUWDEOH WR PDNH ULVN
DVVHVVPHQWVXVLQJWKLVYLVXDOLQIRUPDWLRQ

/HWXVFRQVLGHU1SDLUVRIGXUDWLRQFRVWYDOXHVWKDWDUH WKHUHVXOWRID0RQWH&DUORVLPXODWLRQ%HFDXVHRI WKH
GLIIHUHQWRUGHURIPDJQLWXGHEHWZHHQWKHWZRGLPHQVLRQVLWLVQHFHVVDU\WRQRUPDOL]HWKHYDOXHVERWKIRUGXUDWLRQ
DQGFRVWRYHUWKHVDPHLQWHUYDOHJ>@8VLQJWKLVSURFHVVWKHSDLURIYDOXHV[\ZLOOEHFRPH[Q\QDQGWKH
IROORZLQJIRUPXODHDQGDUHDSSOLHG
PLQPD[
PLQ
xx
xxxn
−
−
=   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$IWHUQRUPDOL]DWLRQWKHQRUPDOL]HGYDOXHVDUHUHSUHVHQWHGDVSRLQWVLQWKHVSDFH;R<ZKHUH; GXUDWLRQDQG<
 FRVW7RJHWKHUWKHVHSRLQWVIRUPDFOXVWHULQZKLFKZHFRPSXWHWKHFHQWURLG&[F\F7KHFHQWURLGFRRUGLQDWHV
FDQEHFRQVLGHUHGWREHthe most representative valuesIRUGXUDWLRQ[FDQGFRVW\F

/HWXVFRQVLGHUDSRLQW7[W\WWKDWUHSUHVHQWVWKHWDUJHWGDWHVWKDWZHZDQWWRDQDO\]HIURPWKHULVNSHUVSHFWLYH
:HFRPSXWHWKH(XFOLGLDQGLVWDQFHEHWZHHQ&DQG7'LVW&7ZLWK
( ) ( ) CTCtTC yyxxDist −+−=−   
,Q WKLV FDVH WKH SDUDPHWHU 'LVW&7 LQGLFDWHV WKH GHYLDWLRQ RI WKH DQDO\]HG YDOXHV UHODWLYH WR WKH PRVW
UHSUHVHQWDWLYHYDOXHV

)RU D FRUUHFW LQWHUSUHWDWLRQ RI WKH SDUDPHWHU 'LVW&7 LW LV QHFHVVDU\ WR WDNH LQWR FRQVLGHUDWLRQ WKH GLVWDQFH
EHWZHHQWKHSRLQWVWKDWIRUPWKHFOXVWHU7KHUHIRUHZHSURSRVHDQLQGH[IRUULVNDQDO\VLV,5WKDWLVDIXQFWLRQRIWKH
UDWLREHWZHHQWKHSDUDPHWHU'LVW&7DQGWKHSRVLWLRQRIDWDUJHWSDLURIYDOXHVUHODWLYHWRWKHSRVLWLRQRIWKHFHQWURLG
GHILQHGDVWKHIROORZLQJ
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LQZKLFK7KUSLVWKHXSSHUOLPLWWKUHVKROGRIWKHGLVWDQFHWRWKHFHQWURLGSLQGLFDWHVWKHSHUFHQWRIWKHFOXVWHU
SRLQWVLQFOXGHGDQGSRVLWLRQLVDTXDOLWDWLYHSDUDPHWHU

/HW XV FRQVLGHU D SDUDPHWHU S ZKLFK PRGHOV WKH ULVN WROHUDQFH ,I WKH YDOXH RI S LV VHW FORVH WR  WKH ULVN
WROHUDQFHLVKLJK,IWKHYDOXHRISLVFORVHWRWKDQWKHULVNWROHUDQFHLVORZ7KHULVNLQGH[,5YDOXHVZKLFKDUH
KLJKHUWKDQWKHSSDUDPHWHUYDOXHV,5!SUHSUHVHQWDKLJKULVN

7RLOOXVWUDWHWKHLQWHUSUHWDWLRQRIWKHULVNLQGH[,5VHYHUDOH[SHULPHQWVZHUHSHUIRUPHG7DEOH
7DEOH([SHULPHQWVZLWKGLIIHUHQW7SRLQWFRRUGLQDWHVDQGSSDUDPHWHUV
([SHULPHQW &RRUGLQDWHV
RISRLQW7
3DUDPHWHU
S>@

5LVN,QGH[
,5
D    KLJKULVN
E    ORZULVN
F    ORZULVN
D    KLJKULVN
E    KLJKULVN
F    ORZULVN

7KHUHVXOWVRIH[SHULPHQWVDDQGDDUHSUHVHQWHGLQ)LJDQG)LJ
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)LJ([SHULPHQWD7S ,5 KLJKULVN )LJ([SHULPHQWD7S ,5 KLJKULVN
$&DVH6WXG\
$TXDQWLWDWLYHULVNDQDO\VLVZDVPDGHIRUDFRQVWUXFWLRQSURMHFWIURPWKHFRQWUDFWRUSHUVSHFWLYHWKHSURMHFWZDV
LQWKHILHOGRIQHZWHFKQRORJ\LPSOHPHQWDWLRQIRUWKHUHFRYHU\RIUHF\FODEOHPDWHULDOV7KHSURMHFWFRQVLVWHGRIWKH
FRQVWUXFWLRQRIDWHFKQRORJLFDOZDUHKRXVHWZRUHVHUYRLUVIHQFLQJDFFHVVURDGVDQGDSODWIRUP7KHSURMHFWPRGHO
ZDVGHYHORSHGE\WDNLQJLQWRDFFRXQWWKHOHYHORIGHWDLORIWKHH[HFXWLRQRIDFWLYLWLHVLQFOXGLQJDFWLYLWLHV
UHVRXUFHVPDQSRZHUDQGHTXLSPHQWPXOWLUHVRXUFHVW\SHVRIPDWHULDOVFDOHQGDUVFRVWFRPSRQHQWV
DQGFRVWFHQWHUV7KHULVNHYHQWVDQGXQFHUWDLQWLHVZHUHLGHQWLILHGDQGSULRULWL]HGDFFRUGLQJWKHLUSRWHQWLDOLPSDFW
RQWKHSURMHFWGXUDWLRQDQGFRVWXVLQJWKHW\SLFDODSSURDFKHVWRTXDOLWDWLYHULVNDQDO\VLV$VDUHVXOWWKUHHVFHQDULRV
ZHUH GHYHORSHGZLWK WKH LQLWLDO GDWD GXUDWLRQ YROXPH RI ZRUN SURGXFWLYLW\ FDOHQGDUV UHVRXUFHV ± RSWLPLVWLF
PRVWSUREDEOHDQGSHVVLPLVWLF±DQGZHUHWKHQXVHGLQWKHULVNDQDO\VLVZLWKD0RQWH&DUORPHWKRG7KHRSWLPLVWLF
VFHQDULRLQFOXGHGWKHULVNVWKDWKDGSUREDELOLWLHVH[FHHGLQJWKHPRVWSUREDEOHVFHQDULRLQFOXGHGWKHULVNHYHQWV
ZLWKSUREDELOLWLHVH[FHHGLQJDQGDOOVHOHFWHGULVNHYHQWVZHUHLQFOXGHGLQWKHSHVVLPLVWLFVFHQDULR>@

,Q WKH FDVH RI OLPLWHG SURMHFW UHVRXUFHV WKH SUREDELOLW\ FXUYHV IRU SURMHFW GXUDWLRQ FRVW DQG RWKHU SURMHFW
SDUDPHWHUVFUHDWHGXVLQJWKH0RQWH&DUORPHWKRGZHUHRQO\YDOLGLIWKHUHVRXUFHOHYHOLQJKHXULVWLFVXVHGLQWKHULVN
VLPXODWLRQSURFHVVZHUHWKHVDPHDVWKRVHXVHGIRUSURMHFWVFKHGXOLQJDQGPDQDJHPHQW>@

7KHTXDQWLWDWLYH ULVN DQDO\VLV RI WKH FRQVWUXFWLRQ SURMHFWZDV SHUIRUPHG XVLQJ6SLGHU3URMHFW VRIWZDUHZKLFK
LQFOXGHGDPRGXOHIRUWKH0RQWH&DUORPHWKRG,WSURYLGHGJUDSKLFDOUHSUHVHQWDWLRQVRIWKHULVNDQDO\VLVUHVXOWVWKDW
ZHUH YHU\ XVHIXO IRU FRPPXQLFDWLRQ ZLWK VWDNHKROGHUV DQG DOORZHG IRU WKH PRQLWRULQJ RI WKH SURMHFW E\ WKH
H[DPLQDWLRQRIWKHWUHQGYDULDQFHRIDQ\SURMHFWSDUDPHWHU

)RU WKH SXUSRVH RI ULVN VLPXODWLRQ WKH SURMHFW PRGHO SHUIRUPHG  LWHUDWLRQV ZLWK UHVRXUFHFRQVWUDLQHG
VFKHGXOLQJ DQG D ORJQRUPDO SUREDELOLW\ GLVWULEXWLRQ 7KH SURMHFW H[HFXWLRQ SKDVH ZDV PRQLWRUHG RYHU D ZHHN
IUHTXHQF\IRUGLIIHUHQWVWDJHVWRLGHQWLI\HDUO\VLJQVRIWKHRFFXUUHQFHRIULVNHYHQWVDQGLPSURYHGHFLVLRQPDNLQJ
WRPLWLJDWH WKHLU LPSDFW7KHULVNVLPXODWLRQZDVSHUIRUPHGIRUHDFKXSGDWHZLWKUHVRXUFHFRQVWUDLQHGVFKHGXOLQJ
DQGDORJQRUPDOSUREDELOLW\GLVWULEXWLRQDQGDQDO\]HGWKHWUHQGVRISUREDELOLWLHVIRUSURMHFWGXUDWLRQSURMHFWFRVW
DQGWKHMRLQWSUREDELOLW\IRUGXUDWLRQFRVW

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,Q WKH LQLWLDO VWDJH WKH SUREDELOLWLHV IRU ERWK SURMHFW GXUDWLRQ DQG FRVW ZHUH FRPSXWHG %DVHG RQ WKH
RUJDQL]DWLRQ¶VULVNWROHUDQFHDQGFRQWUDFWXDO WHUPV WKHWDUJHWGDWHVZHUHVHWDWUHSUHVHQWLQJGD\VIRU
SURMHFWGXUDWLRQDQGUHSUHVHQWLQJ(XURIRUSURMHFWFRVW)LJ)LJ

,IDFWLYLW\GXUDWLRQDQGFRVWHVWLPDWHVDUHQRWFRQVLGHUHGWRGHSHQGRQHDFKRWKHU WKHSUREDELOLW\ WRPHHWERWK
WDUJHWV LV WKH SURGXFW RI WKH SUREDELOLWLHV WR DFKLHYH HDFK WDUJHW +RZHYHU WKHVH SDUDPHWHUV DUH FRUUHODWHG DQG
VHWWLQJ PXOWLSOH SURMHFW WDUJHWV UHTXLUHV DPXOWLGLPHQVLRQDO ULVN DQDO\VLV )RU WKLV UHDVRQ WKH DQDO\VLV WRRN LQWR
FRQVLGHUDWLRQWKHYDULDWLRQRIWKHIROORZLQJSDUDPHWHUVGXULQJH[HFXWLRQWKHGXUDWLRQDQGFRVWEXIIHUVWKHSRVLWLRQ
RI WKHSDLURIYDOXHVUHSUHVHQWLQJWKHWDUJHWGXUDWLRQDQGFRVWUHODWHGWR WKHFHQWURLGRIWKHLWHUDWLRQVUHVXOWV WKH
GLVWDQFHEHWZHHQWKHFHQWURLGDQGWKHWDUJHWGDWHVDQGWKHFRUUHODWLRQEHWZHHQWKHSURMHFWGXUDWLRQDQGFRVWDQGWKH
SURSRVHGULVNLQGH[













)LJ±3UREDELOLW\FXUYHDQGWDUJHWGDWHIRUSURMHFWGXUDWLRQ  )LJ±3UREDELOLW\FXUYHDQGWDUJHWGDWHIRUSURMHFWFRVW
'XULQJ SURMHFW H[HFXWLRQ ULVNV HYHQWV VXFK DV D ODFN RI UHVRXUFHV EDG ZHDWKHU DGGLWLRQDO FRVWV DQG
XQIRUHVHHDEOH HYHQWV RFFXU LPSDFW WKH SUREDELOLW\ RI DFKLHYLQJ WKH WDUJHW SURMHFW GXUDWLRQ DQG FRVW ,Q WKLV FDVH
VWXG\SURMHFWZRUNVWDUWHGDVSODQQHGIRUWKHUHVHUYRLUVDQGIHQFLQJZKLOHWKHFRQVWUXFWLRQRIWKHZDUHKRXVHWKH
DFFHVVURDGVDQGWKHSODWIRUPZDVSRVWSRQHGGXHWRDODFNRIHTXLSPHQW3URMHFWGXUDWLRQDQGFRVWYDULDWLRQVGXULQJ
WKHH[HFXWLRQFRPSDUHGWRWKHLQLWLDOVWDJHZHUHQRUPDOL]HG7KLVUHVXOWVKRZV7DEOHWKDWLQWKHILUVWVWDJHERWK
GXUDWLRQDQGFRVWLQFUHDVHGHOD\VUHFRYHUE\WKHWKVWDJHGXHWRWKHZHDWKHUFRQGLWLRQVWKHGXUDWLRQLQFUHDVHVLQ
WK VWDJH DQG D WUHQG RI GHFOLQLQJ GHOD\V LV REVHUYHG LQ WKH WK DQG WK VWDJHV 7KH SURMHFW FRVW UHPDLQV DOPRVW
FRQVWDQWXQWLOWKHWKVWDJHZKHQVXSSO\LQJPRUHH[SHQVLYHPDWHULDOVOHDGVWRDKLJKFRVW
7DEOH'XUDWLRQDQG&RVWYDULDWLRQGXULQJSURMHFWH[HFXWLRQ
6WDJH          
'XUDWLRQ          
&RVW          

'XH WR YDULDWLRQV LQ SURMHFW GXUDWLRQ DQG FRVW WKH SUREDELOLWLHV WR DFKLHYH WKH WDUJHW GXUDWLRQ FRVW DQG WKH
FRPELQHGGXUDWLRQFRVWSUREDELOLW\YDU\EHWZHHQDQGDVVKRZQLQWKH7DEOH






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7DEOH3UREDELOLWLHVRIWDUJHWSDUDPHWHUVLQGLIIHUHQWVWDJHVRISURMHFWH[HFXWLRQ
6WDJH          
'XUDWLRQ          
&RVW          
'XUDWLRQ&RVW          
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7KHSURMHFWGXUDWLRQDQGFRVWEXIIHUVDUHFRPSXWHGEDVHGRQWKHFULWLFDOVFKHGXOH±DSURMHFWVFKHGXOHFDOFXODWHG
EDFNZDUGVIURPWKHWDUJHWGDWHV>@7KHGLIIHUHQFHEHWZHHQWKHFXUUHQWDQGFULWLFDOGDWHVVKRZVFXUUHQWVFKHGXOH
FRQWLQJHQF\UHVHUYHVEXIIHUV7KHHYROXWLRQRIWKHSURMHFWGXUDWLRQDQGFRVWEXIIHUVIROORZVDGHFOLQLQJWUHQGGXH
WRWKHLPSDFWRIULVNHYHQWV7DEOH
7DEOH9DULDWLRQRIWKHGXUDWLRQDQGFRVWEXIIHU
6WDJH          
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
,Q HDFK VWDJH ZH DQDO\]HG WKH SRVLWLRQ RI WKH FHQWURLG UHODWHG WR WKH WDUJHW GDWHV DQGPHDVXUHG WKH GLVWDQFH
EHWZHHQWKHFHQWURLGDQGWKHWDUJHWGDWHV)LJ

$QLPSRUWDQWDVSHFWRIWKHULVNVLPXODWLRQZDVWKHH[DPLQDWLRQRIWKHSRVLWLRQRIWKHWDUJHWGDWHVUHODWLYHWRWKH
SRVLWLRQRIWKHFHQWURLG7KHUHVXOWVVKRZHGWKDWLQGLIIHUHQWVWDJHVRISURMHFWH[HFXWLRQWKHSRVLWLRQRIWKHWDUJHW
GDWHVFKDQJHGEHWZHHQTXDGUDQWVZKLFKZHUHGHILQHGUHODWLYHWRWKHSRVLWLRQRIWKHFHQWURLG)LJ
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)LJ±6FDWWHUGLDJUDPIRUWKHLQLWLDOVWDJH  )LJ±5HODWLYHSRVLWLRQRIWKHWDUJHWGDWHVWRWKHFHQWURLG
7KHULVN LQGH[,5YDULDWLRQDVDGLUHFWIXQFWLRQRIGLVWDQFH'LVW&7 LVFRUUHODWHGZLWK WKHSRVLWLRQRI WKH WDUJHW
GDWHVUHODWLYHWRWKHFHQWURLG7DEOH
7DEOH9DULDWLRQRIWKHGLVWDQFHDQGWKHSRVLWLRQRIWDUJHWGDWHVLQGLIIHUHQWTXDGUDQWV
6WDJH          
'LVWDQFH          
,5 PHGLXP KLJK KLJK PHGLXP ORZ PHGLXP PHGLXP KLJK ORZ KLJK
4XDGUDQWSRVLWLRQ , ,,, ,,, ,,, ,,, ,9 , ,, , ,9
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:KHQWKHWDUJHWGDWHVDUHORFDWHGLQWKHUGTXDGUDQWWKHWUHQGRIWKHULVNLQGH[,5LVRSSRVLWHRIWKHWUHQGRIWKH
FRPELQHGGXUDWLRQFRVWSUREDELOLW\,IWKHSRVLWLRQRIWKHWDUJHWGDWHVLVLQVWHDGLQRQHRIWKHRWKHUTXDGUDQWVWKHQ
WKH WUHQG RI WKH ULVN LQGH[ ZLOO EH VLPLODU WR WKH WUHQG RI WKH FRPELQHG GXUDWLRQFRVW SUREDELOLW\ SURYLGLQJ DQ
DGGLWLRQDOWRROIRUGHFLVLRQWDNLQJ
&RQFOXVLRQV
7KH DSSOLFDWLRQ RI TXDQWLWDWLYH ULVN DQDO\VLV WR FRQVWUXFWLRQ SURMHFW SODQQLQJ DQG PDQDJHPHQW UHSUHVHQWV DQ
LPSRUWDQW DVVHW IRU FRQVWUXFWLRQ FRPSDQLHV WKDW IDFH SURMHFW GHOD\V DQG FRVW LQFUHDVHV 7KLV SDSHU SURYLGHV D
SUDFWLFDODSSURDFKWRTXDQWLWDWLYHULVNDQDO\VLVXVLQJWKH0RQWH&DUORPHWKRGDQGKLJKOLJKWVWKHFRUUHODWLRQEHWZHHQ
WKHSDUDPHWHUVRIWLPHFRVWDQGUHVRXUFHOLPLWDWLRQVIRUFRQVWUXFWLRQSURMHFWV7KHSURMHFWH[HFXWLRQLVDQDO\]HGQRW
RQO\E\WKHSUREDELOLW\RIWKHSDUDPHWHUVRIWLPHDQGFRVWWRJHWKHUEXWDOVRE\WKHLUFRPELQHGWUHQGVLQWHJUDWLQJWKH
VFRSHWLPHFRVWUHVRXUFHVDQGULVNVDQGE\SURYLGLQJDEHWWHUWRROIRUGHFLVLRQPDNLQJ

7KH DSSOLFDWLRQ RI TXDQWLWDWLYH ULVN DQDO\VLV XVLQJ WKH 0RQWH &DUOR PHWKRG KDV EHFRPH LQFUHDVLQJO\
DSSURDFKDEOHGXHWRWKHGHYHORSPHQWRIVRIWZDUHVROXWLRQV6SHFLDODWWHQWLRQVKRXOGDOVREHJLYHQWROLPLWDWLRQVLQ
SURMHFWUHVRXUFHVZKLFKDUHW\SLFDOIRUPDQ\FRQVWUXFWLRQSURMHFWV,QWKLVVWXG\WKHSUREDELOLW\FXUYHVIRUSURMHFW
GXUDWLRQ FRVW DQG RWKHU SURMHFW SDUDPHWHUV FUHDWHG IURP WKH0RQWH &DUORPHWKRG DUH RQO\ YDOLG LI WKH UHVRXUFH
OHYHOLQJ KHXULVWLFV XVHG LQ WKH ULVN VLPXODWLRQ SURFHVV DUH WKH VDPH DV WKRVH XVHG IRU SURMHFW VFKHGXOLQJ DQG
PDQDJHPHQW

7KH SURSRVHG PRGHO DOORZV XSGDWHV WR EH PDGH ZLWK REVHUYDWLRQV IURP SURMHFW LPSOHPHQWDWLRQ ,W LV
SDUDPHWHUL]HGKDVDQLQWXLWLYHJUDSKLFDOFRPSRQHQWWKDWLVFULWLFDOIRUFRPPXQLFDWLRQZLWKVWDNHKROGHUVZKRDUHQRW
QHFHVVDULO\VSHFLDOLVWVLQSUREDELOLVWLFPRGHOLQJ

7KLV VWXG\ DOVR SURSRVHG D FRPELQHG TXDOLWDWLYHTXDQWLWDWLYH ULVN LQGH[ WKDW WDNHV LQWR DFFRXQW WKH GLVWDQFH
EHWZHHQWKHWDUJHWGDWHVGXUDWLRQFRVWDQGWKHFHQWURLGRIWKHVROXWLRQVFOXVWHUIURPWKH0RQWH&DUORVLPXODWLRQ
DORQJZLWK WKHLU UHODWLYHSRVLWLRQ7KHYDULDWLRQ LQ WKH WUHQGRI WKLV LQGH[ FDQ DOVREHFRPHDQ DGGLWLRQDO WRRO IRU
GHFLVLRQWDNLQJDVRIWHQWKHTXDOLW\RILQSXWGDWDWRWKH0RQWH&DUORVLPXODWLRQLVQRWVXIILFLHQW
$FNQRZOHGJHPHQW
7KH DXWKRUV ZRXOG OLNH WR WKDQN 0U &RUQHOLX $OH[DQGUX %RGHD IRU WKH VXSSRUW KH SURYLGHG GXULQJ WKH
LPSOHPHQWDWLRQDQGYDOLGDWLRQRIWKHPHWKRG
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